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Objectives & Activities

Objectives:

Research on materials, structural
components and the construction of wind
turbines

Activities now:
Main activities on Fibre Reinforced Plastics
related to the rotor blade of wind turbines
*Full scale Blade Tests
Components Tests

‘Research on Materials
‘Design Software for Wind Turbines.
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Design of blades
with
Focus4
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What is Focus4?

» Graphical User Interface (GUI)

» Stochastic 3D Wind Field Generation
* Wind Turbine Simulation

* Blade modeling

* Fatigue and extremes analyses

» Blade buckling analyses

* Post-processing features

* Online help system
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Focus blade design

. Define the profiles of the blade

. Define position of profiles in the blade
. Define lines through the profiles

. Define materials

. From lines and radii + materials:
define sections (sheets of material)

. Define load cases
. Run FAROB
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Profiles in blade

Define the profiles of the blade

Define position of profiles in the blade
Define lines through the profiles
Define materials

From lines and radii + materials:

B The FAROB 30 Model Viewer define sections (sheets of material)

File Rotate model Display Options - Select material  Help . Define load cases
Run FAROB
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Profiles and lines in the blade

.The FAROE 3D Model Viewer- Selected material: UD- Selec
File Rotate model Display Opfions - Select material  Help

Define the profiles of the blade
Define position of profiles in the blade
Define lines through the profiles
Define materials

From lines and radii + materials:
define sections (sheets of material)

Define load cases
Run FAROB
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Define Sections

MATERTIAT Fom-q

DEF SECTIOH FOBI-I_TE SKIHfCli . Give radii and Iines
lines ‘ﬁﬁb
<2 Eens> for each sheet of

point T50+¥ o
point 3000+V 20. .
Point 232504y 15, material

® Sequence: start
point 322504y 6. from the mold, as in
owo per seorzon the production

point 28750+v 15h.
point 28750+v 10.
point 32250+V 10.
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DEF SECTION GIRD2
lines
point 750+
point F31h0+v
point 15750+v
point 18250+v

Define the profiles of the blade

Define position of profiles in the blade
Define lines through the profiles
Define materials

From lines and radii + materials:
define sections (sheets of material)

point 20250+v
point 21250+v
point 22250+V
point 23250+v
point 24250+v
point 26250+v
point 29250+v

Define load cases
Run FAROB
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Sections defined

Foam
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Load case definition

5| Edit FOCUS Loadcase 2] x|

Loadcase Selection General Froperties
.~ Jype

selected: | Losdease number, |1|:I4 ) Cyclic Sign@l v #=Tatigue  Extreme” Both

Wind Properties Loadcase description (mex. 54 char):

W (hub, 10 min av) [m/s]: [20. |GL madel 3 20m/s madel 2

Horizontal Wind Sh Occurence [nrfyr]: |3DDD-DD— FLF aero FLF mass |FLFfunc
SlzCmatdin =ar : Duration [s]: |'IEW 1.000 1.000

H= kaodel: |Iinear -
Design Standard Froperties

Yertical Wind Shear |1,|:||:| Standard
Wi Model Im f Germanischer Liowd " StochasticWind

Wind nfloe GL YWvind bodel:
Harizantal Angle [deq] | 0.0o 2:normal operating gust j

Vertical Angle [deg] [ 0.00 Wind Turhine Class: Class| =

Control Propedies
Airfoil Extension

Cperation Mode: : . Define the profiles of the blade " Default (*.DAF) & Use: [DAF

Define position of profiles in the blade

Define lines through the profiles

Define materials Help |

From lines and radii + materials:

define sections (sheets of material) “”Cve',;;;;yv VVIVI u

Define load cases
Wind turbine Materials and Constructions
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FAROB defining the blade

® Colours
defined in
section
definition




Generated FE mesh

® Supported FE codes

® MSC.MARC

® MSC.NASTRAN

® ANSYS
® Shell elements only
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® Materials (full lay-up)

® Geometry




Farob Post-processing

Farob Post-
processing

Structural data plots

) I P P I I P P P O

tm e [2]

Load Slgnal plOtS L R T T T T T T T T

Flexlast Simulation
Variables plots

Load spectra plots

10DETS b

Stress spectra

TEIS [

emEts |

peciral de v s by

OE1S

3D Model Viewer -

OE1S i T RS RS R T S R B At
0.0 0.5 1.0 1.3 20 25 Ao a5 L2

Freq. [H] ' nowledge WM C
Centre

Wind turbine Materials and Constructions




Testing of rotor
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History: The WPS 30 Wind Turbine
(1984)

The section Steel Constructions of the Faculty
Civil Engineering was asked to assist in the
evaluation of the constructional design of the
WPS 30 wind turbine, especially the all steel rotor

blade.

This included a full scale test on the all steel Rotor
Blade.

The reasons for consulting the Section were:
® Knowledge on fatigue behaviour of steel structures

® Knowledge on experimental and numerical analysis of
steel structures

® Capability to test a full scale rotor blade of 15 metres in

length
e WMC
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History: Testing the The WPS 30 blade

Eventually WMC tooks part in the re-design and developed
the full scale testing procedure for rotor blades.
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In 1994 WMC was the convenor making the international IEC
guideline on full scale testing of rotor blades.
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Blade Tests
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Characteristics of New Facility

Testing hal with strong floor
® 28x66 metres
® Strong floor of 1,2 metres thickness
® [arge capacity hydraulic system for load application
®

Suitable for testing structures like blades up to 60 metres
In length

Laboratory for material testing

Workshops for maintenance and building of
equipment (metal, hydraulics, electro technical)

Offices for 20-25 people

Close to ECN test field for large (offshore)
turbines
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Strong Floor

® 8000 m3 Sand removed
® 7.200.000 kg Concrete
® 500.000 kg Reinforcement steel

® 2200 achor holes
‘e WMC
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Hoisting the base plate (45 tons) for the 50 metre
test stand
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Hydraulic system (Ring main and pomp units)

e WMC
Centre

Wind turbine Materials and Constructions




Knowledge Centre WMC

® Unique expertise and facilities

Combination of Fundamental and Applied Research

Combination of Experimental and Numerical
Research

Contracted work is carried out on project basis
Many contacts with Institutes and industry
Coordinator of EU projects

World wide acknowledged expertise on Fibre
reinforce plastics applicable for:

® \Wind turbines
® Civil Engineering Structures
® Ship Structures

® Capability to facilitate any experimental work for
materials and constructions
1ot WIMC
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Distributed load vs. concentrated load
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Uni-axial vs. Bi-axial fatigue test

Bi-axial
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Full Scale blade testing
at

Knowledge Centre
WMC



